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Background. Studies investigating early developmental factors in relation to psychopathology have mainly focused
on schizophrenia. The personality dimension of neuroticism seems to be a general risk factor for psychopathology,
but evidence on associations between early developmental precursors and personality traits is almost non-existent.
This study is therefore the ﬁrst to investigate associations between early motor developmental milestones and
neuroticism in adulthood.
Method. Mothers of 9125 children of the Copenhagen Perinatal Cohort recorded 12 developmental milestones during
the child’s ﬁrst year of life. A subsample of the cohort comprising 1182 individuals participated in a follow-up when
they were aged 20–34 years and were administered the Eysenck Personality Questionnaire (EPQ). Associations
between motor developmental milestones and level of neuroticism, extraversion and psychoticism were analysed by
multiple linear regression adjusting for for sex, single-mother status, parity, mother’s age, father’s age, parental social
status and birth weight.
Results. Among the 1182 participants with information on the EPQ, information on milestones was available for
968 participants. Infants who developed high levels of neuroticism as adults tended to sit without support, crawl,
and walk with and without support signiﬁcantly later than individuals with low levels of neuroticism (p values
<0.05). These results remained signiﬁcant after adjustment for the included covariates and for adult intelligence.
Conclusions. The ﬁndings are the ﬁrst of their kind and suggest that delays in early motor development may not
only characterize psychopathological disorders such as schizophrenia, but may also be associated with the
personality dimension of neuroticism in adulthood.
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Introduction
Several theorists, including Sigmund Freud, have
stressed the importance of early life circumstances and
early development in the growth and development of
personality. While the idea that adult personality ori-
ginates in early development has been discussed in
many contexts (e.g. attachment theory), there is still
a limited amount of empirical documentation on
the importance of early developmental precursors of
personality. This lack of documentation is mainly due
to a lack of the complex longitudinal data that would
be suitable to perform such analyses.
The hypothesis of neurodevelopmental precursors
of personality traits has primarily been explored
by researchers using The Helsinki Birth Cohort
Study 1934–1944. Analyses based on these data have
shown that especially birth weight, length and head
circumference are associated with cognitive abilities,
temperament, hostility, trait anxiety, depression and
attention deﬁcit-hyperactivity disorder (ADHD)
symptoms later in life (Raikkonen et al. 2007, 2008 ;
Raikkonen & Pesonen, 2009 ; Lahti et al. 2010). Data
are, however, lacking on the association of develop-
mental milestones during the ﬁrst years of life with
comprehensive follow-up measures on personality
and cognition in adulthood.
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Studies investigating early developmental factors in
relation to mental outcomes have mainly concentrated
on psychopathology, especially schizophrenia and
alcohol-related disorders, with focus on early weaning
(Sørensen et al. 2006), later attainment of motor devel-
opmental milestones (Cannon et al. 2002 ; Manzardo
et al. 2005 ; Sørensen et al. 2010b), childhood motor
coordination (Schiﬀman et al. 2004, 2009), physical
anomalies (Schiﬀman et al. 2002, 2006), laterality
deviance (Schiﬀman et al. 2005) and general lowering
of cognitive ability preceding the disorder (Batty et al.
2005 ; Mortensen et al. 2005 ; Sørensen et al. 2010a). The
personality dimension of neuroticism seems to be a
general risk factor for psychopathology (Boyce &
Parker, 1985 ; Krabbendam et al. 2002 ; Goodwin et al.
2003 ; Hettema et al. 2006 ; Barrantes-Vidal et al. 2009),
but evidence on associations between early develop-
mental precursors and personality traits is almost non-
existent. Since later attainment of milestones has been
demonstrated to be associated with psychopathology,
and the personality trait of neuroticism has been
shown to be a general risk factor for psychopathology
(Ormel et al. 2004; Griﬃth et al. 2010), it was hypothe-
sized that early developmental milestones would be
associated with this trait. The aim of this study was
to investigate whether early motor developmental
milestones in the ﬁrst year of life are associated with
adult personality, in particular neuroticism.
Method
Study population
The study objectives were investigated using data
from the Copenhagen Perinatal Cohort (CPC) and
from a follow-up study of this birth cohort : The
Prenatal Development Project. The CPC was initially
established with data on 8949 mothers and their 9125
consecutive deliveries born at the University Hospital
in Copenhagen during the period 1959–1961.
Information on demographic, socio-economic, pre-
natal and postnatal factors were recorded prospec-
tively during pregnancy, at delivery, and at a 1-year
examination (Zachau-Christiansen & Ross, 1975). The
mothers were mainly residents in Copenhagen, but
some were admitted due to obstetrical complications
or because of single-mother status (Villumsen, 1970).
A total of 8400 infants survived the ﬁrst month after
birth. On the basis of pre- and perinatal records, a
subsample comprising 1575 members of the CPC was
selected for participation in The Prenatal Development
Project between 1982 and 1994 (Reinisch et al. 1993,
1995). In this subsample, data on personality were
available for 1182 individuals, and among these par-
ticipants information on at least one developmental
milestone was available for 968 individuals who
comprise the present study sample.
Developmental milestones
Developmental milestones were obtained from the
mothers who were instructed to use a standardized
diary to record the ages in weeks or months at which
the child reached 12 developmental milestones. At a
1-year follow-up examination, the diary was brought
to the hospital (Zachau-Christiansen & Ross, 1975). If
the mother did not return the diary, an eﬀort was
made to obtain retrospective data on milestones.
Table 1 shows the recorded milestones during the ﬁrst
year of life.
Adult follow-up
The adult follow-up took place when the participants
were at the age of 20.3–34.5 years (S.D.=4.3). The full
test battery included a 2–4 h home visit by a social
worker and an 8–11 h psychological evaluation con-
ducted at the Institute of Preventive Medicine
(Reinisch et al. 1993). Several personality inventor-
ies were administered as part of the follow-up, but
only the Eysenck Personality Questionnaire (EPQ)
(Eysenck & Eysenck, 1975) will be analysed in this
paper. The EPQ was developed in 1975 (Eysenck &
Eysenck, 1975), and the Danish version comprises 101
binary ‘yes ’ or ‘no’ questions from which scores on
the personality traits of neuroticism, extraversion and
psychoticism are derived. Neuroticism as measured
by the Danish EPQ has been shown to correlate 0.76
with neuroticism measured with the NEO Personality




1. Smiles, weeks 835 5.50 (2.30 ; 1–18)
2. Lifts head on stomach, weeks 807 3.62 (2.48 ; 3–16)
3. Holds head when
sitting, months
745 3.15 (1.12 ; 1–8)
4. Grasps after things, months 755 3.88 (1.03 ; 2–8)
5. Sits without support, months 891 6.86 (1.36 ; 3–13)
6. Rolls, months 730 5.79 (1.62 ; 2–13)
7. Crawls short distance, months 667 8.79 (1.64 ; 4–13)
8. Crawls long distance, months 587 9.36 (1.56 ; 4–16)
9. Stands with support, months 875 8.49 (1.71 ; 3–14)
10. Stands without
support, months
475 10.33 (1.41 ; 5–15)
11. Walks with support, months 779 9.90 (1.47 ; 5–16)
12. Walks without support, months 339 11.59 (1.36 ; 8–18)
Data are given as mean (standard deviation ; range).
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Inventory-Revised (Hansen & Mortensen, 2004).
According to Eysenck, the traits associated with
neuroticism are : a tendency to be anxious, depressed,
tense, irrational, shy, moody, emotional and to suﬀer
from guilt feelings and low self-esteem (Eysenck &
Eysenck, 1985). At the adult follow-up, the complete
Wechsler Adult Intelligence Scale was also adminis-
tered (Wechsler, 1958). Since intelligence may mediate
associations between milestone attainment and per-
sonality traits, the full-scale intelligence quotient (IQ)
was included in a separate statistical model.
Covariates
Of the originally registered variables for the CPC,
sex of the child, single-mother status, parity, mother’s
age, father’s age, parental social status and birth
weight were included in statistical models to adjust
for sex and family background. Parity was included
as a binary variable coding whether this was the
mother’s ﬁrst pregnancy or not. Parental social status
coded on an eight-point scale, with higher scores
indicating higher status, was included as a linear
continuous variable together with birth weight and
parental age (preliminary analyses showed no signiﬁ-
cant quadratic trend for these variables). There
were no missing data on sex of the child and birth
weight, while the missing data rate was less than 1%
for single-mother status, parity and mother’s age.
However, missing data were 1.2% for father’s age and
9.6% for parental social status. The EM (expectation–
maximization) algorithm was used to impute values
replacing missing data for the covariates to avoid
diluting the sample in regression analyses (Schafer,
1997).
Statistical analyses
The rate of missing data on individual milestones
varied from 8.0% to 65.0% depending on the recorded
milestone. In addition to the individual milestones, the
overall mean of the 12 milestones and the three factors
derived from a principal components analysis by
Sørensen et al. (2010b) were also analysed: the smiling
and lifting head factor comprised milestones 1–3 (see
Table 1), the rolling, crawling, sitting and grabbing
factor milestones 4–8, and the standing and walking
factor milestones 9–12 (for details, see Sørensen et al.
2010b). To derive composite scores on the overall
mean and on the three factors, the individual mile-
stones were standardized to a mean of 0 and S.D. of 1,
and the composite scores were calculated as the mean
of the included individual milestone scores. For the
present study these composite scores were re-
standardized to a mean of 0 and S.D. of 1. If data were
missing on one or more milestones included in a
composite mean, the mean of the available milestone
scores was calculated. Since data were available for at
least one milestone for all participants, there were no
missing data on the overall mean of the 12 milestones,
while the percentages of missing data were 4.0, 8.7 and
3.0 for the factor means respectively. Thus, the sample
sizes were 968 for the overall mean and 928, 884 and
939 for the three factors.
Participants with incomplete information on a mile-
stone were excluded from the analysis of this particular
milestone. We used x2 tests and analysis of variance
to evaluate associations of potential confounding fac-
tors with the mean age of attainment of all milestones
and the level of neuroticism (Table 2). Estimates of
the associations between age of attainment of mile-
stones and level of neuroticism in adulthood were
estimated in several multiple linear regression models
(Rothman, 1998). The unadjusted model only included
the relevant milestone score, another model also in-
cluded sex, and the fully adjusted model additionally
included single-mother status, parity, mother’s age,
father’s age, parental social status, birth weight
and age at follow-up. In separate analyses, adult
intelligence was added to the fully adjusted model to
evaluate whether intelligence mediated the association
between milestone attainment and neuroticism.
To evaluate the inﬂuence of missing data on the
milestone variables, we used the structural equation
modelling facilities of Stata 12 (StataCorp LP, USA) to
repeat all regression analyses using full information
maximum likelihood (FIML; Graham, 2009). These
analyses use all available information, including in-
formation on covariates and neuroticism for partici-
pants without information on the milestone variable
included in a particular analysis. The results for the
fully adjusted FIML model will be presented together
with the corresponding model based on the sub-
sample of participants with data on the milestone be-
ing analysed (Table 3).
The assumption of normal distribution of residuals
of the outcome variable was evaluated graphically and
only showed minor deviations, which should not bias
estimates or standard errors. The assumption of lin-
earity was evaluated graphically and showed no de-
viations. Additionally, linearity of regression was
analysed by testing the signiﬁcance of a quadratic
component for all milestones. This component was not
found signiﬁcant for any the individual milestones or
the composite milestones variables. Finally, analyses
were conducted to evaluate whether binary milestone
attainment scores showed stronger associations with
neuroticism. For these analyses the 85% percentiles
were used as cut-oﬀs for deriving the binary milestone
score.
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Since the sample consisted of an index group of
individuals exposed to steroid hormones and psy-
choactive drugs and matched controls, the interaction
of prenatal exposure status and each milestone was
tested, but not found signiﬁcant in supplementary
analyses (data not shown).
All statistical analyses were conducted by means of
the statistical software package Stata 12 (StataCorp LP,
USA).
Results
Table 1 shows the number of observations, mean age
of attainment, standard deviation and range for the 12
milestones. Table 2 shows associations between the
possible confounding factors and the mean of all
milestones and scores on neuroticism. Parity, mother’s
age, father’s age and birth weight were all signiﬁcantly
associated with the overall mean of the 12 milestones.
Sex, parental social status and adult intelligence were
associated with level of neuroticism in adulthood.
Table 3 presents the results of the main analyses.
Both unadjusted and adjusted analyses showed
patterns of signiﬁcant associations between high
neuroticism in adulthood and the overall mean of the
12 milestones as well as of two of the factor scores
(the rolling, crawling, sitting and grabbing factor and
the standing and walking factor). The early develop-
ment factor (smiling and lifting head) was unrelated to
adult neuroticism.
The signiﬁcant associations for individual mile-
stones reﬂected the pattern of signiﬁcant associations
for the composite milestones scores. The unadjusted
analyses showed signiﬁcant associations between high
neuroticism in adulthood and late attainment of
standing with support, crawling short and long dis-
tances, and walking with support and without sup-
port. Adjusting for all covariates did not change the
results substantially. Sitting without support became
signiﬁcant in the adjusted analyses, while standing
with support became non-signiﬁcant. The results
of the FIML analyses incorporating all available








Boy 488 x0.020 0.54 6.08 <0.0001
Girl 480 0.020 9.08
Single mother
Yes 170 x0.100 0.15 7.79 0.50
No 792 0.023 7.51
Parity (ﬁrst parity)
Yes 444 x0.114 0.0009 7.55 0.91
No 523 0.099 7.58
Mother’s age
<24.5 years 283 x0.188 0.0002 7.77 0.44
o24.5 years 683 0.070 7.50
Father’s age
<28.5 years 336 x0.141 0.0010 7.54 1.00
o28.5 years 620 0.081 7.54
Parental social status
Lower end (<4) 241 x0.051 0.34 8.16 0.022
Higher end (o4) 634 0.021 7.29
Birth weight
<3300 g 303 0.293 <0.0001 7.74 0.47
o3300 g 665 x0.133 7.49
Adult intelligence
<103 437 x0.009 0.85 8.17 0.0002
o103 512 0.003 6.95
a t Test.
b Exposure variables were divided to achieve approximately 50% in each category.
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information were essentially the same as those of the
regression analyses based on subsamples with infor-
mation on the relevant milestone outcome variable.
Analyses based on binary milestone scores showed
a similar pattern of results as analyses based on
continuous milestone scores, but a number of non-
signiﬁcant trends seem to reﬂect lack of statistical
power because of the dichotomization (data not
shown).
Analyses including adult IQ as covariate showed
the same pattern of signiﬁcant associations as the fully
adjusted model.
Results for extraversion and psychoticism mainly
showed insigniﬁcant associations with attainment of
milestones. Crawling a short distance (b=–0.26,
p=0.022) was signiﬁcant for extroversion and so was
the factor rolling, crawling, sitting and grabbing
(b=0.33, p=0.025). No signiﬁcant associations were




Our analyses reveal associations between delays in
early developmental milestone attainment and a
higher level of neuroticism in adulthood. Infants who
grew up to have high scores on neuroticism tended to
sit without support, crawl, as well as walk with and
without support later than individuals with low scores
on neuroticism. The ﬁndings for the individual mile-
stones were reﬂected in the overall mean milestone
score and two composite factor scores. Furthermore,
these associations were independent of a wide range
of potentially confounding factors, and they were
apparently not mediated by associations between
milestone attainment and adult intelligence. The per-
sonality traits of extraversion and psychoticism were
generally not associated with later attainment of motor
developmental milestones.
Methodological issues
The main advantage of this study is the prospective
design including real-time documentation of mile-
stone attainment by mothers. Nevertheless, the fre-
quency of missing data tended to be high, especially
for standing and walking without support. The most
likely explanation for this is that these milestones may
not have been attained by some children at the time of
the 1-year follow-up and therefore were not recorded.
Since this source of missing data primarily concerns
Table 3. Regression coeﬃcients for milestones in models predicting level of neuroticism










Mean of all milestones 0.48** 0.45** 0.42** 0.42** 0.40*
Smiling and lifting head x0.05 x0.03 x0.08 x0.09 x0.09
Rolling, crawling, sitting and grasps 0.41* 0.38* 0.33* 0.33* 0.33*
Standing and walking 0.44** 0.38* 0.39* 0.39* 0.34*
Individual milestones
1. Smiles, weeks x0.11 x0.07 x0.09 x0.09 x0.09
2. Lifts head on stomach, weeks 0.07 0.02 x0.01 x0.01 x0.03
3. Holds head when sitting, months x0.02 0.04 0.02 0.02 0.03
4. Grasps after things, months x0.07 x0.09 x0.13 x0.13 x0.11
5. Sits without support, months 0.21 0.28* 0.25* 0.25* 0.25*
6. Rolls, months 0.10 0.08 0.06 0.07 0.09
7. Crawls short distance, months 0.38*** 0.33** 0.32** 0.32** 0.30**
8. Crawls Long distance, months 0.33* 0.27* 0.33* 0.32* 0.32*
9. Stands with support, months 0.20* 0.17 0.17 0.17 0.15
10. Stands without support, months 0.18 0.19 0.17 0.16 0.18
11. Walks with support, months 0.25* 0.21 0.24* 0.25* 0.23*
12. Walks without support, months 0.53* 0.48* 0.43* 0.40* 0.42*
FIML, Full information maximum likelihood ; IQ, intelligence quotient.
a Sex, single-mother status, parity, mother’s age, father’s age, parental social status, age at home visit and birth weight.
b Sex, single-mother status, parity, mother’s age, father’s age, parental social status, age at home visit, birth weight and adult
intelligence.
* pf 0.05, ** pf 0.01, *** pf 0.001.
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late-developing individuals, systematic selection
bias may have attenuated the observed associations
between milestones and neuroticism, with the present
results most probably underestimating the associa-
tions. A further limitation of the study is that type
I error is a possibility, as we conducted tests on
12 milestones in addition to the composite means of
milestone scores. However, the fact that only ‘ late
milestones ’ were associated with level of neuroticism
seems to point towards a consistent pattern and thus a
non-incidental ﬁnding. The late milestones had most
missing data, but signiﬁcant results were apparently
independent of attrition in milestone data (see
Table 3), which strengthens the interpretation of the
ﬁndings.
As in all observational studies, there may be un-
recognized confounding. Sex, single-mother status,
parity, age of parents at delivery, parental social status
and birth weight were considered confounding factors
in the linear regression models. However, there may
be other unobserved confounding factors. Factors as-
sociated with both age of attainment of motor devel-
opmental milestones and level of neuroticism could be
genetic factors inﬂuencing brain development, in par-
ticular development of the cerebellum. Environmental
factors such as attachment to the primary caregiver,
early neglect, or reduced stimulation in the ﬁrst
months, but also biophysical factors such as nutrition,
including breastfeeding, could also inﬂuence mother
motor and personality development. These factors
were not included in the analyses, as appropriate data
were not available, which makes the interpretation of
the present results complex. Thus, it remains an open
question whether late attainment of motor develop-
mental milestones reﬂects direct inﬂuences of early
motor development on neuroticism in adulthood, or
whether milestones are markers of some underlying
factors inﬂuencing both motor development and per-
sonality. The present study sample was selected based
on perinatal records, but statistical tests of interactions
did not indicate that prenatal exposure status inﬂu-
enced the associations between milestone attainment
and adult neuroticism.
Previous studies
One of the most consistent ﬁndings from previous
longitudinal studies investigating motor development
in relation to psychopathology is that later age when
ﬁrst standing and walking is related to the risk of
schizophrenia (Jones et al. 1994 ; Walker et al. 1994 ;
Jones & Tarrant, 2000 ; Isohanni et al. 2001 ; Cannon
et al. 2002). Results based on the Northern Finland
1966 Birth Cohort found that non-psychotic disorders
were not related to milestones (Isohanni et al. 2001,
2004), but the present results suggest that late attain-
ment of these milestones is not necessarily speciﬁc
to the psychopathology of schizophrenia, but is also
associated with the broad personality dimension
of neuroticism. Neuroticism has been linked with
depression (Boyce & Parker, 1985), various anxiety
disorders (Hettema et al. 2006), schizophrenia
(Krabbendam et al. 2002 ; Goodwin et al. 2003 ;
Barrantes-Vidal et al. 2009) and somatoform disorders
(Hankin & Abela, 2005). Thus, neuroticism seems to be
an indicator of risk of psychopathology in general, and
the present ﬁndings may be of interest for a broad
spectrum of psychiatric disorders. Similarly, develop-
mental milestones seem to be general risk factors of
psychopathology. Thus, Sørensen et al. (2010b) found
that the association with delayed attainment of devel-
opmental milestones was not speciﬁc to schizo-
phrenia, since other psychiatric disorders were also
associated with late motor development. These results
are supported by other studies ﬁnding that late at-
tainment of motor developmental milestones is as-
sociated with both low cognitive functioning (Taanila
et al. 2005) and alcohol dependence (Manzardo et al.
2005). The current ﬁndings suggest that delayed
milestones may be an early key phenotype associated
with both personality development and adult psy-
chopathology or that personality development, in
particular development of neuroticism, may mediate
the link between milestones and psychopathology.
Thus, the present ﬁndings support a neurodevelop-
mental model of psychopathology.
No other studies have found motor developmental
milestones to be associated with personality traits or
found factors measurable during the ﬁrst year of life to
be associated with adult neuroticism, but other in-
dicators of early development have been associated
with personality development. Thus, the Helsinki
Birth Cohort found birth weight, length and head cir-
cumference to be associated with cognitive abilities,
temperament, hostility, trait anxiety, depression and
ADHD symptoms later in life (Raikkonen et al. 2007,
2008 ; Raikkonen & Pesonen, 2009 ; Lahti et al. 2010).
In the present study, delays in ‘very early ’ devel-
opmental milestones such as smiling, and lifting and
holding the head were not associated with level of
neuroticism in adulthood. Except for standing, it was
the ‘ later ’ milestones such as sitting without support,
crawling and walking which were signiﬁcant in the
adjusted analyses. These milestones all require com-
plex motor coordination (perhaps more than standing)
and only these late milestones reﬂect development
during most of the ﬁrst year. This may explain the
observed signiﬁcant associations, but the present re-
sults may also reﬂect environmental factors inﬂuen-
cing both milestone attainment and personality
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development. Late milestones to a greater extent than
smiling and lifting the head depend on the interaction
between the child and the parents (Broberg et al. 2010),
as demands for ‘good parenting’ and stabile attach-
ment gradually increase from early infancy (Bowlby,
1988 ; Rochat & Striano, 1999 ; Rochat, 2009 ; Broberg
et al. 2010) parallel to the infant’s motor and self
development (Bowlby, 1988 ; Rochat & Striano, 1999 ;
Rochat, 2009). In early infancy the cues from the child
represent needs that are very basic and require less
advanced parental judgment and feedback with
regard to the infant’s mobility and perception of self
(Bowlby, 1988 ; Rochat, 2009 ; Broberg et al. 2010). The
more important socially dependent motor and lan-
guage development has its onset from 7 months and
onwards (Rochat & Striano, 1999; Rochat, 2009 ;
Broberg et al. 2010). Thus, it is plausible that attach-
ment and the parent–child dynamics are more central
to ‘ later ’ and more motor-advanced neurodevelop-
ment. In accordance with these and the present results,
attachment to the mother at 15 months has been
demonstrated to be associated with level of neuroti-
cism at 8–9 years of age (Hagekull & Bohlin, 2003).
The temperament of the child may be another factor
contributing to the observed association between de-
velopmental delay and higher risk of neuroticism
(Molfese & Molfese, 2000). Early attainment of mile-
stones might be related to temperamental traits such
as high activity level and lack of inhibition, and late
attainment might be related to low activity and inhi-
bition. While a recent study was unable to demon-
strate associations between motor competences and
measures of temperament (DeSantis et al. 2011), an-
other found associations between motor regulation
and self-regulation (DeGangi et al. 2000). In addition it
has been found that lower motor performance at 3 and
30 days was associated with negative aﬀectivity at
4 months (Canals et al. 2011), suggesting a possible
causal pathway from late motor development to adult
neuroticism (Watson & Clark, 1984).
Conclusion
The results suggest that the personality trait of neur-
oticism may be associated with delayed attainment of
developmental milestones requiring complex motor
coordination and developing during the second half of
the ﬁrst year of life such as sitting without support,
crawling and walking. As this is the ﬁrst study to in-
vestigate motor developmental milestones in relation
to adult personality traits, more research should be
conducted in the area. In particular, with neuroticism
being an indicator of risk of psychopathology in gen-
eral, we emphasize the importance of investigating
delayed milestone attainment as an early precursor of
adult neuroticism. Future research should obtain re-
liable measures of speciﬁc milestones and early tem-
perament and should investigate a broader range of
personality traits and include measures of psycho-
pathology.
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